Recently, apatinib has been shown to be effective in treating sarcoma. This study aimed to assess the safety and efficacy of apatinib in the treatment of patients with osteosarcoma after failed of standard multimodal therapy and to compare the therapeutic effects of apatinib on osteosarcoma between high-dose group and low-dose group.
Introduction
Osteosarcomas are the most common primary malignant bone tumors. This disease is rare, with an incidence of about 3 per million each year. About 75% of osteosarcomas occur in children, adolescents, and young adult. [1] Most osteosarcomas originate in the bones of the extremities and can metastasize through the blood. Majority of the metastases occur in the lungs, followed by the other bones. [2, 3] Growth of osteosarcoma in the primary sites only leads to impaired limb function of the patients, and metastasis leads to death. In the recent 40 years, neoadjuvant chemotherapy and surgery have been the standard treatments for osteosarcoma. Each cycle of chemotherapy includes four drugs: doxorubicin, cisplatin, methotrexate, and isocyclophosphamide. [1] Two cycles of chemotherapy are generally performed before surgery, and four cycles of chemotherapy are performed after surgery. Surgery involves the removal of the primary lesion and the reconstruction of the limb function. The 5-year survival rate of initially diagnosed nonmetastatic osteosarcoma after standard treatment is 60%-70%. [1] [2] [3] [4] [5] Approximately 30% of initially diagnosed nonmetastatic osteosarcomas has disease recurrence and distant metastasis within 2 years after surgery. Radiotherapy is not effective in the treatment of osteosarcoma. Patients with these metastases have no choice but to continue undergoing standard chemotherapy. If chemotherapy fails, or if the patient cannot tolerate continued chemotherapy, the metastatic lesions can grow freely. Therefore, the 5-year survival rate of metastatic osteosarcoma is less than 10%. [2, 4] The treatment of these patients with metastatic osteosarcoma has not progressed much over the years. The invention of targeted drugs provides a new method for the treatment of metastatic osteosarcoma. [1, [6] [7] [8] [9] One of the targeted drugs is "apatinib,', which is the first generation of oral antiangiogenesis drug invented in China.
Apatinib is a small molecule tyrosine kinase inhibitor (TKI) that highly and selectively targets vascular endothelial growth factor receptor 2 (VEGFR-2), leading to the inhibition of VEGF-mediated endothelial cell migration and proliferation and decrease in tumor microvascular density. Additionally, it had been approved in China for the treatment of advanced or metastatic gastric cancer. [10] Currently, some studies have confirmed that apatinib is effective in the treatment of bone and soft tissue sarcomas. For instance, Li et al reported that apatinib exhibited objective efficacy and manageable toxicity in stage IV sarcoma patients who failed in chemotherapy. [11] Study of Zhu et al suggested that apatinib showed promising efficacy and acceptable safety profile in metastatic or recurrent sarcoma. [9] A multiple institutions' offlabel use of apatinib showed that apatinib might be effective, with a high objective response rate (ORR), in patients with previously treated advanced or metastatic soft tissue sarcoma. The duration of response was consistent with the previous reports in different subtypes of sarcomas. [6] Because other targeted drugs that have been proven to be effective in treating sarcoma, for example, sorafenib and pazopanib, have not been officially available on the market in China, patients with advanced sarcomas are typically orally administered with apatinib in China. Based on the abovementioned conditions, and in order to further confirm the therapeutic effects of apatinib in treating osteosarcoma, in this study, the clinical data of 27 patients with osteosarcoma who offlabel used apatinib were reviewed, and the efficacy and complications were summarized and analyzed.
Materials and methods

Patients
From January, 2016 to August, 2017, 27 patients received apatinib for the treatment of osteosarcoma. All patients met the following criteria: first, histologically confirmed osteosarcoma; second, presence of multiple metastases after the performance of standard multimodal therapy; third, presence of multiple metastatic lesions that could not be cured by local therapy; fourth, absence of treatments received with other targeted drugs; fifth, acceptable hepatic, hematologic, and renal function; sixth, an Eastern Cooperative Oncology Group performance status (ECOG) score of grade 0 or grade 1; [12] and seventh, measurable lesions according to the Response Evaluation Criteria in Solid Tumors (RECIST). [13] This study was approved by the Institutional Review Board of the Ethics Committee for Clinical Investigation of The Affiliated Cancer Hospital of Zhengzhou University (Zhengzhou, Henan Province, China). All patients or children's legal parent had signed informed consent for data collection and research purposes. 
Drug treatment
Evaluation
Tumor response was assessed every 1 or 2 months by using computed tomography or magnetic resonance imaging, and was categorized as complete response (CR), partial response (PR), stable disease (SD), and PD according to RECIST criteria. the main concern was the differences including the ORR, the disease control rate (DCR), the median progression free survival (m-PFS), and the median overall survival (m-OS) between the HD group and LD group. PFS was defined as the time from the initiation of apatinib to the occurrence of PD or death, whichever occurred first. OS was defined as the duration from the time of treatment administration to the time of death of any cause or the last followup. All adverse events (AEs) were classified and graded based on the Common Terminology Criteria for Adverse Events (CTCAE), version 4.0. [14] 
Statistical analysis
All the statistical analyses were performed using SPSS 21.0 software for Windows (IBM, Armonk, NY). PFS and OS were estimated using the Kaplan-Meier method, with 95% confidence interval (CI). Group-wise comparison used Fisher's exact test and Wilcoxon rank sum test with continuity correction. Quantitative variables were presented as median (range) or number of patients (percentage). All statistical analyses were two-sided, and P value less than .05 was considered statistically significant. The database was locked for statistical analysis in July 2018, and this is a descriptive analysis.
Results
Patients' characteristics
A total of 27 patients with advanced osteosarcoma after failed standard multimodal therapy underwent apatinib treatment from January 2016 to August 2017. All the patients underwent complete standard chemotherapy for osteosarcoma before apatinib administration. The chemotherapy regimen included the following drugs: methotrexate, cisplatin, doxorubicin, and ifosfamide. [5] Patients without metastasis before the operation underwent limb salvage or amputation. The remaining patients did not undergo surgical resection of the primary tumor.
There were 11 patients in the HD group, including 7 males (63.64%) and 4 females (36.34%). The average age of the patients was 24.27 ± 16.17 years. Three patients (27.27%) suffered from disease recurrence in the primary sites. Most of the metastases were in the lungs (90.91%), and only one patient (9.09%) had metastasis in the other bones. The ECOG performance status in eight patients (72.73%) was grade 0, and the remaining was grade 1. The average time interval from the end of chemotherapy to the start of oral administration of apatinib was 4.09 ± 2.12 months. There were 16 cases in the LD group, including 9 males (56.25%) and 7 females (43.75%). The average age of patients was 20.81 ± 10.91 years. Four patients (25.00%) developed disease recurrence in the primary sites. Most of the metastases were in the lungs (93.75%), and only one patient (6.25%) had metastasis in the other bones. The ECOG performance status in 10 patients (62.50%) was grade 0, and the remaining was grade 1. The average time interval from the end of chemotherapy to the start of oral administration of apatinib was 4.62 ± 2.75 months.
Comparison of the basic characteristics of patients between the HD group and LD group is shown in Table 1 . Comparison of various characteristics revealed that there was no statistically significant difference between the two groups.
Efficacy of therapy
Among the 27 patients, although no patient achieved CR, 7 (25.93%) patients had PR, and 11 patients (40.74%) had SD. These resulted in an ORR of 25.93% and a DCR of 66.67%. m-PFS was 3.5 months (95% CI, 2.5-4.8 months) and m-OS was 9.5 months (95% CI, 7.8-10.5 months).
There was a difference in efficacy between the HD group and LD group (Table 2 and Fig. 1 ). In the HD group, ORR was 36.36%, DCR was 63.64%, m-PFS was 4.3 months (95% CI, 1.8-7 months), and m-OS was 9.5 months (95% CI, 3.8-12 months). Additionally, in the LD group, ORR was 18.75%, DCR was 68.75%, m-PFS was 3.35 months (95% CI, 1.8-4 months), and m-OS was 9.4 months (95% CI, 7.8-10.8 m). There were no statistically significant differences between patients with different characteristics in these two groups (Table 2 ).
Toxicity and safety
In the HD group, the dose was reduced to 500 mg/qd for patients who cannot tolerate AEs. Additionally, two patients required temporary treatment discontinuation for toxicity management. The average dose administered was 659 mg/qd. In the LD group, four patients required temporary treatment discontinuation for toxicity management. In this group, none of the patients required dose reduction, and even four patients required an increased dose of 500 or 750 mg/qd due to the occurrence of PD. The average dose administered was 516 mg/qd in this group.
Moreover, AEs occurred in 21 (77.8%) patients. Majority of the patients experienced grade 1 or grade 2 AEs, only a few patients experienced grade 3 AEs, and none of the patients experienced grade 4 AEs or drug-related death. AEs include fatigue, hypertension, hand-foot syndrome, diarrhea, weight loss, hair hypopigmentation, anorexia, rash or desquamation, mucositis, pneumothorax, and wound-healing problems (Table 3 ). There were no statistically significant differences between patients in AEs between patients in the two groups (Table 3 ).
Discussion
The multi-drug chemotherapy, including cisplatin, doxorubicin, methotrexate, and ifosfamide that has been popularized since the 1980s has increased the 5-year survival rate of osteosarcoma from 20% to about 70%. However, in the recent 20 years, different scholars have universally worked on further improving the efficacy of osteosarcoma, in which minimal achievements have been obtained. [1, 15] With the increased of application of antiangiogenic therapy, there is a new treatment method for patients with advanced osteosarcoma after failed standard multimodal therapy. One of the drugs that has definite effects in treating osteosarcoma is second-generation broad-spectrum VEGF-receptor TKIs. [15] [16] [17] Extensive studies established that: first, VEGF is a key driver of sprouting angiogenesis, second, VEGF is overexpressed in most solid malignant tumors, and third, inhibition of VEGF can suppress tumor growth in animal models. This has led to the development of pharmacological agents for antiangiogenesis therapy through the blockade of VEGF/VEGF receptor signaling to disrupt the vascular supply and starve the tumor of oxygen and nutrients. TKI is one of the pharmacological agents. Multiple TKIs have been approved by a single therapy in specific indications based on improvement of OS or PFS in phase III clinical trials. These include sorafenib, sunitinib, axitinib, regorafenib, pazopanib, vandetanib, cabozantinib, and lenvatinib. [17] Drugs that have been proven to be effective in treating osteosarcoma include sorafenib, sunitinib, regorafenib, and Data: number (percentage) or median (95%CI). DCR = disease control rate, HD group = high-dose group, LD group = low-dose group, ORR = objective response rate, OS = overall survival, PFS = progression free survival, SD = stable diseases.
Tian et al. Medicine (2019) 98:19 www.md-journal.com pazopanib. [7, 8, 18, 19] Drugs that have been proven to be effective on osteosarcoma include sorafenib, sunitinib, and pazopanib. [8, 15, 20, 21] In 2012, Grignani et al reported a phase II clinical trial of sorafenib in relapsed and unresectable high-grade osteosarcoma after failure of standard multimodal therapy. The results showed that ORR was 14%, DCR was 48%, and m-PFS was 4 months. [8] This is a milestone because no other antiangiogenic drug has been able to achieve such a high level of efficacy. Several case reports demonstrated the response of patients with osteosarcoma to sunitinib and pazopanib. PenelPage et al treated five patients with advanced osteosarcoma by sunitinib. The results showed that the treatment was effective for two patients (one patient obtained PR and one patient obtained SD). Median duration of response was 3.4 months. [20] Safwat et al reported that three patients with advanced osteosarcoma obtained SD after the oral administration of pazopanib. [22] Same with the abovementioned three targeted drugs that have effects on osteosarcoma, apatinib is one of the TKIs. Relevant in vitro studies revealed that apatinib was a highly selectively inhibitor of the following: VEGFR2 (50% inhibitory concentration [IC50], 2 nmol/L), VEGFR1 (IC50, 70 nmol/L), platelet-derived growth factor receptor beta (537 nmol/L), cKit (IC50, 429 nmol/L), c-Src (530 nmol/L), and RET (13 nmol/L) tyrosine kinase. [23, 24] In December 2014, apatinib was approved to be available on the market in China to treat advanced gastric cancer. Thereafter, a large number of studies have confirmed that apatinib is effective in several solid tumors (Table 4) . [6, 9, 11, [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] The doses of apatinib widely vary for different malignant tumors, which were treated by different researchers. Currently, it has been proven that the effective dose of apatinib is generally between 250 and 850 mg/d (Table 4) .
In addition to the clinical application of apatinib in bone and soft tissue sarcomas as listed in Table 4 , some basic studies suggested that apatinib plays a key role in osteosarcoma cells in vitro. Liu et al's study revealed that apatinib promoted autophagy and apoptosis through VEGFR2/STAT3/BCL-2 signaling in osteosarcoma. [39] Zheng et al believed that apatinib inhibited tumor migration and invasion, as well as PD-L1 expression in osteosarcoma by targeting STAT3. [40] Based on the abovementioned studies, our treatment center performed oral administration of apatinib for patients with advanced osteosarcoma after failed standard therapy. To determine the standard dose of apatinib and to obtain better therapeutic effects, patients in the first stage of our study were orally received apatinib at a higher dose (750 mg/qd for patients with BSA > 1.5 m 2 and 500 mg/qd for patients with BSA < 1.5 m 2 ). With the accumulation of cases, we observed that the side effects were serious when the dose of apatinib was 750 mg/qd. Thus the administered dose was reduced for many patients. Several recent studies reported that the dose of 500 mg/qd can also result in better clinical effects (Table 4) . Thus, the administered dose in the second stage was adjusted (500 mg/ qd for patients with BSA > 1.5 m 2 and 250 mg/qd for patients with BSA < 1.5 m 2 ). Moreover, the dose should be increased to 750 or 500 mg/qd when PD occurred. The results confirmed that apatinib was effective for osteosarcoma at the two doses. In the results, ORR and DCR significantly increased compared to the results of phase II clinical trial of sorafenib in the treatment of osteosarcoma as previously reported by Grignani et al suggesting that apatinib had a stronger effect in treating osteosarcoma than sorafenib. [8] However, the level of evidence in this study was low. Further phase II multi-center studies should be conducted to determine whether apatinib is superior to sorafenib in the treatment of osteosarcoma.
The results of the study by Bacci et al revealed that the ORR of standard chemotherapy for initially metastatic osteosarcoma was 61%, [41] significantly higher than that of apatinib (26%) in this study and that of sorafenib (14%) in the treatment of osteosarcoma as previously reported by Grignani et al. [8] This indicates that the effects of these multiple TKIs in treating osteosarcoma are far lower than that of standard first-line chemotherapy. These drugs can only be used as second-or more line treatment when used alone in treating osteosarcomas.
In this study, ORR in the HD group was higher compared to the LD group (4 [36.36%] vs 3 [18.75%]), as shown in Table 2 .
Although there was no statistically significant difference (P = .391) between the two groups, it can be seen that ORR seemed to be positively correlated with doses when apatinib was used in the treatment of osteosarcoma. Other relevant reports also showed that ORR was associated with dose when apatinib was used to treat sarcomas. Study of Xie et al showed that ORR was up to 62.5% on bone and soft-tissue sarcomas when the administered dose of apatinib was 750 mg/qd. [6] Zhu et al's research showed that ORR was 33.3% on bone and soft-tissue sarcomas when the administered dose of apatinib was 425 mg/ qd. [9] In this study, after PD occurred in some patients in the LD group, SD can be observed when the dose of apatinib was increased. Although PFS in these cases was short, OS was not shortened accordingly, leading to a smaller difference in OS compared to the PFS between the two groups ( Table 2) . Results of this study suggested that the therapeutic effects of the initial dose of 500 mg/qd were not statistically significant compared to the dose of 750 mg/qd when apatinib was used in the treatment of osteosarcoma ( Table 2 , Fig. 1 ). It is obvious that the cost-effect ratio at low-level dose was lower than that of high-level dose, which was more cost-efficient for patients.
Same with other targeted drugs, the main AEs of apatinib include hypertension, rash, hair hypopigmentation, weight loss, anorexia, diarrhea or abdominal pain, hand-foot syndrome, fatigue, pneumothorax, and wound-healing problems, etc. [6] [7] [8] 15, 18, 25] The incidence rates of complications were different in various dose-based groups. Results of this study showed that the most common AEs were hypertension (with the incidence rate of 72.73%) in the HD group (659 mg/qd) and rash (56.25%) in the LD group (516 mg/qd) ( Table 3 ). We also found that the incidence rate of various AEs increased at high dose. Although the incidence rates of AEs were not statistically significant, we cannot deny that AEs were positively correlated with dose. [10] Report of Zhu et al showed that the incidence rates of the three most common AEs were fatigue (54.8%), hypertension (45.2%), and hand-foot syndrome (38.7%), respectively, when the administered dose was 425 mg/qd. [9] Xie et al reported that the incidence rates of the three most common AEs were hypertension (77.8%), rash or desquamation (57.8%), and hair hypopigmentation (55.6%), respectively, when the administered dose increased to 750 mg/qd. [6] These results suggested that the AEs of apatinib were positively correlated with dose. In some patients in the LD group, the dose of apatinib was increased when PD occurred. However, we did not observe a significant increase in AEs. This may be related to drug tolerance.
This study was a single-center retrospectively analysis without blank control and its sample size was small, decreasing the level of evidence. A phase II multicenter clinical study of apatinib in the treatment of bone and soft tissue sarcoma should be performed in the near future. And studies comparing apatinib with other similar drugs should also be conducted.
In summary, apatinib is effective for the treatment of osteosarcoma. In this study, ORR, DCR, PFS, and OS were not statistically significant with the following administered doses of apatinib: 500 and 750 mg/qd. The advantage of initial lowdose administration of apatinib was that it can reduce treatment cost; therefore, we suggested that the initial dose of apatinib should be 500 mg/qd in the treatment of osteosarcoma.
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